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Climate change, particularly increasing temperatures and altered precipitation patterns, will affect 
dramatically food production systems in the next decades with regional and local differences. In Europe, grain 
yield stagnation and increased yield variability have been related in cereals to the recent climatic changes. In 
semi-arid West Africa, the onset and length of growing seasons should be modified by 2050 with yield 
reductions of 20–50%. Being partly responsible of the emissions of greenhouse gases (GHG) which contribute 
to global warming, agriculture has to reduce its carbon footprint while increasing biomass production to 
match the needs of a growing population. In a perspective of climate-smart agriculture (CSA), innovative 
cropping systems should be designed and combined in space with three objectives: reducing GHG emissions, 
coping with changing and fluctuating environments, and securing food production both in quantity, quality 
and diversity. Numerous studies reported positive or negative impacts of agriculture on GHG emissions. Until 
recently, studies addressing the vulnerability of crops to climate change were focusing on potential impacts 
without considering adaptation, but papers on that topic are now growing exponentially.  
Breeding for new varieties better adapted to thermal shocks (heat, cold) and drought was suggested as long-
term adaptation. Short-term strategies have been identified from current practices to take advantage of more 
favorable growing conditions or to offset negative impacts: shifting sowing dates, changing species, cultivars 
and crop rotations (e.g. double cropping, diversification), revising soil management, fertilization and plant 
protection practices, introducing or expanding irrigation. Some crops and cropping systems could move to 
more suitable locations. Crop diversification (at field, farm or territory level) could be recommended as a self-
insurance measure to cope with more uncertain and fluctuant conditions and bring resilience to the system. 
The use efficiency of newly scarce resources should be increased: e.g. mulching in no-till systems for reducing 
soil runoff and evaporation especially under tropical conditions. Model-based tools and site-specific 
technology should be developed to optimize, support and secure farmer’s decisions. Adaptation could range 
from tactical fine-tuning to deep changes in the nature of cropping systems with impacts downstream on land 
use and agricultural sector activity (machinery, inputs, market).  
Agriculture can help improve the net GHG emissions balance via three levers: a reduction in N2O and CH4 
emissions (and also CO2 emissions), carbon storage in soil and biomass, and energy production (agrifuels, 
biogas), reducing emissions by replacing fossil energies (Pellerin Whitbread, 2013). Reducing the application of 
mineral N fertilizer is the main option for reducing N2O emissions: a) directly by better adjusting N applications 
to crop requirements, making better use of organic fertilizers, or improving the efficiency of N supply; b) 
indirectly by increasing the proportion of N legumes in the rotation (as main crops or temporary grasslands). 
The second option is storing more carbon in soil and biomass by promoting no-till cropping practices (less fuel, 
crop residues), expanding the use of cover crops, and developing agroforestry. There is considerable scope for 
progress but, given the predominantly diffuse nature of the emissions and the complexity of the underlying 
processes, estimating emissions is riddled with uncertainty and the abatement potentials are currently less 
accurately quantified than in other sectors. Most of these solutions would not be affected by climate change. 
The introduction of legumes, which are relatively sensitive to water shortages and heat stress, could 
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nevertheless be limited. A reduction in rainfall could also hinder the adoption of cover crops or agroforestry. 
Being relatively conservative, these options should have other positive impacts on the environment: less risk 
of pollution with reduced N fertilizer, soil and biodiversity conservation by planting trees or green covers. 
Using occasional tillage to solve severe weed problems should minimize the negative aspect of continuous no 
tillage on herbicide use. In addition, most of the adaptation options should have positive impacts on 
mitigation as well (e.g. measures for reducing soil erosion, conserving soil moisture and preventing nutrient 
losses, adjusting N and water rates to actualized yield goals, diversification of crop rotations…).  
Designing cropping systems means proposing relevant combinations of crop species, varieties, practices and 
their spatial and time arrangement using experimentation, simulation, optimization or prototyping 
approaches. Assessment is generally supported by indicators or models to deal with multi-criteria issues 
according to the principles of CSA. That means to take into account a wide range of performances and impacts 
at field, farm or landscape levels. In this area, most of the studies are ‘top-down’ based on the exploration by 
model of a range of cropping systems in future climates. Multi-criteria and multi-attribute methods have been 
developed to assess ex ante the sustainability of innovative cropping systems (Bockstaller et al., 2009). Crop 
simulation models offer research tools for evaluating trade-offs of potential innovations (robustness, 
resilience) and form the basis of decision-support systems for farmers, and tools for education and training. 
Matthews et al. (2013) identified 4 contribution areas for models: a) determine where and how well crops of 
the future will grow, b) contribute to crop improvement (ideotypes), c) identify what future crop practices will 
be appropriate for adaptation and/or mitigation purposes, d) assess risk to crop production in the face of 
greater climate variability. Biophysical models may be linked to economic, farm systems or livestock models 
to widen the scope of potential impacts, innovations and farm constraints (Webber et al., 2014). Only a small 
subset of feasible changes has been simulated, some marginal (e.g. changing varieties, sowing times, 
irrigation amount) and other more systemic (e.g. conservation agriculture), in relation with model capacities. 
However cropping system models have major drawbacks related to the difficulty to consider multiple biotic 
and abiotic stresses and correctly represent the efficacy of crop practices and the farmer’s decision plans. A 
broader range of innovations including resource allocations would necessitate models of the socio-ecological 
system.  
Farmers have developed a wide range of anticipatory and reactive management strategies to cope with 
climate risks, but more frequent extreme events may exceed their adaptive capacities (Reid et al., 2007). They 
are also generally unaware and/or unconcerned about future climate change and GHG emissions from 
agriculture. Therefore ‘bottom up’ participatory approaches have been developed to involve the stakeholders 
through interviews and focus groups in order to fully use their practical knowledge and their perception of 
climate change when tailoring local adaptation options (Willaume et al., 2014). Hybrid methods have been 
developed combining both participation and research based-models (via serious games) in order to develop 
the adaptive capacity of farmers on real-world problems (Martin, 2015).  
Socio-economic conditions, farm management and future resource availability (e.g. water for irrigation) are 
often ignored in adaptation and mitigation studies, although they influence feasible innovations (Reidsma et 
al., 2010). Another challenge will be to model at different scales the direct impacts of cropping system 
changes and/or landscape composition and arrangement.  
To illustrate the combination of methods when designing and assessing cropping systems for CSA, several 
case studies will be discussed from temperate and tropical conditions. How do they contribute to reduce the 
GHG emissions? What is their potential of adaptation to climate change? How do they contribute to food 
security?   
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